Aim The geographical distributions of animal and plant species endemic to the Iberian Peninsula and Balearic Islands were analysed to locate and designate areas of endemicity.
INT RODUCTION
In terms of a European standard, the Mediterranean countries are characterized by a high biological diversity and important levels of endemicity of plant and animal taxa. The reasons for this diversity are varied, and are believed to include biogeography (the presence of refuges and areas of contact or transition between different faunal or¯oral regions), as well as a comparatively high degree of preservation of natural habitats as a result of a combination of physiographic (e.g. environmental heterogeneity) and socioeconomic factors (e.g. Palestrini & Zunino, 1986; Major, 1988; Balletto & Casale, 1991) . The western Mediterranean, and in particular the Iberian peninsula, is among the most relevant areas from the point of view of the concentration of endemics of a varied array of taxa (e.g. Major, 1988; Dennis et al., 1998) , as well as for its possible role as an ancestral area for some of them (Oosterbroek & Arntzen, 1992; de Jong 1998; Hewitt, 1999) . While detailed phylogenetic hypotheses for most of the groups of organisms of Mediterranean distribution are still missing, the production of regional chorologic atlases has increased in recent years. Hence, detailed historical biogeographical interpretations of present distributions in the Iberian Peninsula and the western Mediterranean may remain under debate for a time. However, there is a growing amount of material available for detecting general patterns, which may be of practical use for conservation purposes. Attempts at identifying biotic sectors within the Iberian range on the basis of plant chorology have a relatively long history (see Moreno Saiz et al., 1998 for a brief review), and include trials based on endemic species (Sainz-Ollero & Herna Â ndez-Bermejo, 1985; Moreno Saiz et al., 1996; Moreno Saiz et al., 1998) . On the other side, objective analyses of animal distributions in this area are recent (Busack & Jaksic, 1982; Doadrio, 1988; Palomo et al., 1994; Real et al., 1996; Vargas et al., 1998) . These have focused on ®shes, amphibians, reptiles, and mammals, where the absolute number of endemic species is meagre when compared with that of plants or invertebrates. As a consequence such studies have usually focused on few related taxa, or one type of organism (e.g. ferns, vascular plants, reptiles), and little effort has been devoted at identifying areas of endemism. Moreover, no attempt has been made to combine¯oristic and faunistic data. These restrictions derive more from the practitioners specialization and taxonomic tradition than from any real necessity, and are not required (nor help) to detect broad patterns and areas of endemicity at a microgeographic scale. Thus, this study was aimed at detecting possible areas of endemism within the Iberian and Balearic geographical range using data from a selection of organisms as taxonomically varied as possible, even at the cost of adopting a relatively rough grid scale which could result in low resolution.
The identi®cation of areas of endemism is a reputedly relevant task not only for its interest in biogeographical science, but also for its application in the design and practice of conservation strategies (e.g. Major, 1988; Platnick, 1992; Morrone, 2000) . While there is not full agreement about the precise de®nition of`area of endemism' (e.g. Nelson & Platnick, 1981; Axelius, 1991; Harold & Mooi, 1994; Posadas, 1996; Posadas & Miranda-Esquivel, 1999) , there is some consensus that such areas are expected to host two or more species that do not occur elsewhere, and which show congruent (or, at least, largely overlapping) geographical distributions. As information on the speciation and extinction rates of such taxa is usually missing, areas of endemism that are de®ned by a single species cannot be discarded (e.g. Balletto, 1995) . However, de®ning potential endemism areas on the basis of single species is in practice the same as mapping the species distribution. On the opposite, dealing with large and diverse sets of species may imply practical problems. Rosen (1988, and references therein) proposed the application of parsimony analysis for identifying areas of endemism. As further elaborated by Morrone (1994) , parsimony analysis of endemicity (PAE) identi®es areas of endemicity on the basis of sets of endemic species that are restricted to two or more of the operative area units within the study area. The areas of endemism are obtained applying the methods of cladistic analysis to a matrix where the area units are used as taxa, and the species as characters (Rosen, 1988; Morrone, 1994; Morrone & Crisci, 1995) . The method does not take into account interspeci®c phylogenetic relations, and thus the results have no direct implications for explaining causation of the areas of endemism. This has two consequences: the ®rst of them is related to the fact that the target of parsimony-based analyses is to ®nd the most parsimonious solution, while biogeographical areas can have more than one history (Morrone & Crisci, 1995) . This may be particularly true for continental biotas (Riddle, 1996) . Thus, heterogeneous speciation or extinction rates characterizing different taxa can lead to the dominance of certain taxa with congruent geographical distribution over others, determining`strongly supported' endemism areas that will prevail over, and occlude other potential areas of endemism when parsimony analyses are applied. We propose a method to overcome this problem, that consists on repeated parsimony analysis with progressive deletion of characters (species), and which should be able to ®nd all possible endemism areas. A second consequence of disregarding phylogenetic information is that, in theory, no special bene®t is derived from partial approaches based on higher taxa of any level. As proposed by Morrone (1994) , a`classical' PAE approach would seek for endemism areas using data from different kinds of organisms (e.g. ®shes, trees, birds) and then ®nding a consensus of the taxon-speci®c results. We argue that this procedure would more often than not disregard information on the cooccurrence of taxonomically unrelated species. Hence, the interest of brie¯y comparing the results of a total-evidencelike approach with those derived from the consensus of taxon-speci®c parsimony analyses.
Compatibility analysis (Meacham & Estabrook, 1985) is another technique aimed at phylogenetic reconstruction that can be applied for the purpose of identifying endemism regions. Although initially more related to panbiogeographic methods (Craw, 1988a) , compatibility (or clique) analysis as applied to disjunct distributions for detecting generalized tracks is equivalent to PAE when no phylogenetic information is incorporated to polarize the individual tracks (see Morrone & Crisci, 1995) .
The absence of phylogenetic information in the two methods mentioned above allows for the combined analysis of distributional data from taxonomically diverse organisms. This is a desirable feature, for areas of endemism based on robust evidence are more likely to be discovered when taxonomically independent taxa are combined.
In this study, both parsimony and compatibility methods were applied in an attempt to identify the main areas of endemism in the Iberian Peninsula and Balearic Islands. Because areas of endemism are de®ned by species that are not present elsewhere, relationships between different endemism areas may be dif®cult to establish using the same methods. Thus, in order to obtain a more general perspective, purely phenetic methods were also employed.
METHODS

Study area and operational geographical units
The study area covered the Iberian Peninsula including the Pyrenean Mountains, and the three largest Balearic Islands. In practice, this is equivalent to the continental territories of Spain and Portugal plus the Mediterranean islands of Mallorca, Menorca and Ibiza.
A system of land quadrats based on the 100´100 km squares of the UTM projection maps was used to de®ne arbitrary area units. A degree of resolution higher than the one selected is applicable to some of the taxa analysed (50´50 or even 10´10 km, e.g. Moreno Saiz et al., 1998) . The choice of a 100-km grid is thus conservative, but was preferred on the assumption that the present knowledge on the ®ne distribution of some taxa (namely, the insect groups selected) is still far from complete (Martõ Ân & Gurrea, 1999) . The UTM squares have the theoretical advantage of being of the same size, but the existence of two compensation areas across the peninsular Spanish territory results in a number of quadrats with areas smaller than 100´100 km. For this reason, and because a preliminary analysis demonstrated that some correlation between quadrat size and species densities existed (unpublished), the smaller squares were merged. The same procedure was applied to several peripheral (coastal) units with areas lower than 1000 square kilometres. This resulted in a set of 75 area units, of which the 72 inland squares were designated with an arbitrary code according to a two-axes scheme (letters from a to i on the yaxis, and numbers 1±12 on the x-axis). Each of the three major Balearic Islands were considered as independent units, and designated as ML (Mallorca), MN (Menorca) and IB (Ibiza). See Fig. 1 for details.
Endemic Ibero-Balearic species data
The data collected formed a preliminary data matrix where the presence (1) or absence (0) in each quadrat of 890 endemic animal and plant species was recorded. The species were selected according to the availability of updated faunistic or¯oristic accounts or atlases (described below), and ± within these limits ± with the purpose of combining information from terrestrial organisms as taxonomically different as possible. An important part of these species happened to be restricted to a single quadrat (in fact almost 50%, 410 species, which for brevity will be termed microendemics). As the data from these microendemic species would Figure 1 Density of microendemisms (for the purposes of this study, the species restricted to single quadrats). The list consists of 410 species (their identity is not given for brevity, see sources in the text). The size of the grid is 100 km. not contribute to establish any relationship between different squares, a ®rst step of the study was to record their distribution and species densities per unit area. These species were subsequently deleted from the data to produce a simpli®ed binary data matrix where only species occurring in at least two quadrats were represented. This simpli®ed matrix contained the absence/presence data from 480 species. The data covered 126 monocotyledon plants, plus one Gymnosperm (Abies pinsapo Boiss.) and two ferns (Asplenium majoricum and Dryopteris corleyi), from Moreno Saiz & Sainz Ollero (1992) . Tetrapoda were represented by twenty®ve species: eight mammals, eight amphibians and nine reptiles (the sources were the atlases by Pleguezuelos, 1997; Salvador 1998; Mitchell-Jones et al., 1999) . The 326 insect species belong to three orders: Coleoptera (Curculionoidea, data on the distribution of 208 species from Gurrea Sanz & Sanz Benito, 2000) , Springtails (Collembola, eighty-eight species: Jordana et al., 1997), and Lepidoptera. Data from butter¯ies and moths refer to thirty species belonging to the moth family Noctuidae (mostly after Calle, 1982) and to the butter¯y families Lycaenidae and Nymphalidae. The detailed 10´10 km dot maps from the diurnal butter¯y species have not been published as such, but for the 100´100 grid size they ®t to the maps published by Ferna Â ndez-Rubio (1991). The plant and insect distributions were reviewed and updated by the authors (see Martõ Ân et al., 2000 for further details). Given the large size of the simpli®ed data matrix, full details are not given here; the data matrix can be obtained from the authors upon request.
Data analysis
To obtain a general idea of the af®nities between the area quadrats based on their overall similarity, two approaches were attempted. First, one dendrogram (UPGMA UPGMA) was constructed on the basis of overall similarity between quadrats, as estimated by index of Jaccard (1908). Jaccard's distances were calculated with program NTSYS (1992) . Although other measurements of association for binary data are available (e.g. Baroni-Urbani & Buser, 1976) , we selected Jaccard's index for two reasons: ®rst, its similarity with a simple proportion of shared species, which renders results that are closer to intuitive estimates of similarity (in contrasts to multivariate methods like correspondence analysis, see below). And, second and more relevant for this study, because it does not explicitly incorporates information from double absences (unlike the Baroni±Urbani and Buser's index, see, e.g. Vargas et al., 1998) . This makes the results more suitable for comparison with those derived from parsimony-based approaches. The statistical signi®cances of the nodes in the dendrogram were established following Real & Vargas (1996) .
An alternative dendrogram was constructed on the basis of the results of a correspondence analysis. The co-ordinates of each quadrat relative to the ®rst axes were used as the basis for constructing an Euclidean distance matrix. This was processed to produce a dendrogram (UPGMA UP GM A method). The statistical package Statistica (StatSoft, 1996) was used.
The densities of microendemic species were estimated directly after the preliminary matrix using a computer spreadsheet.
The basic procedure for the PAE followed that described by Morrone (1994) and Morrone & Crisci (1995) : The matrix was analysed using Wagner parsimony (with the program Hennig 86: Farris, 1988) , and a hypothetical ancestor with all species absent was set as the outgroup. As the results consisted of multiple equally parsimonious cladograms, these were summarized by means of a strict consensus. The consensus tree was then used to identify the species that were restricted to certain clades (analogous to apomorphic states of non-homoplasious characters in a cladistic analysis). Three modi®cations of the procedure described by Morrone (1994) were adopted. First, as stated above, only the species present in two or more quadrats were used (as recommended by Rosen, 1988) . Second, areas (clades) that were de®ned by single species (apomorphies) were retained as potential endemism areas (the reasons for this are discussed below). And third, a routine of progressive character elimination (here termed PAE±PCE) was followed. This consisted of a ®rst run of the program Hennig to ®nd a set of areas of endemism (as described by Morrone, 1994) . Once this had been performed, those species that were found to de®ne groups of quadrats in the ®rst analysis (that is, species analogous to non-homoplasious characters acting as sinapomorphies of sets of quadrats) were deleted, and a new search for endemism areas was started by repeating the analysis. A new set of cladograms was obtained that included areas of endemism that were incongruent with those obtained in the former analysis. This procedure was repeated until no more endemism areas supported by at least one`apomorphic' species were found.
An alternative parsimony-based approach was attempted in order to compare our results with those obtained following Morrone's (1994) suggestions (that is, a consensus of partial, taxon-speci®c parsimony analyses). A simple parsimony analysis was performed on each of three subsets of data from the simpli®ed matrix: tetrapods, insects and plants. A strict consensus tree was obtained from each of the three sets of cladograms, and a further strict consensus was calculated for these three consensuses.
Finally, a compatibility analysis (following the procedure for generalized track analysis: Craw, 1988a, b; Morrone & Crisci, 1995) was performed on the same data matrix with the CLIQUE program (PHYLIP PHYLIP package: Felsenstein, 1995) . The program CONSENSE (from the same package, Felsenstein, 1995) was employed to summarize the results from CLIQUE into a strict consensus tree.
RE SUL TS Microendemisms
The distribution of microendemic species is shown in Fig. 1 . A relevant proportion of the area units happened to contain two or more microendemics: forty-nine out of the seventy®ve squares host two or more species that are exclusive of that single square, and six more quadrats contained one single microendemic. Incidentally, it was found that the number of such microendemisms was correlated to that of other endemic species (that is, those that have been recorded from two or more quadrats) across squares (r 0.59, P < 0.001, n 75; Fig. 2 ). Given the high number of these species of most restricted distribution (411) no details on their identity are given here.
Overall similarity
The general clustering patterns based on Jaccard's similarity and euclidean distances were largely similar (Fig. 3) . The ®rst four factors of the correspondence analysis accounted for 34.02% of the variance in the data (these accounted for 6.9, 5.9, 5.1 and 4.9% of the data inertia, respectively). The broadest lines of both dendrograms are summarized in Fig. 4 , which emphasizes the highest-level division patterns. As the regions represented in Fig. 4 represent an imperfect consensus of two dendrograms based on different statistical measurements of association, no a posteriori test was applied to test the probabilistic support of such regions (e.g. McCoy et al., 1986; Vargas et al., 1997) . The Balearic Islands were neatly set apart from the rest of the area, although square G12 was allied to this Balearic sector (probably because of its Mediterranean character but perhaps also to its small size and lack of records of mountain species). The rest of the Peninsula was split into two clusters. The ®rst of these included the Pyrenean area, with three de®nite subsectors (Pa, Pb and Pc in Fig. 4 , of which Pb probably represent the most characteristic central Pyrenean faunal and¯oristic areas). The remaining, and largest, part of the Iberian Peninsula consisted of two sectors, an eastern one (actually, an eastern and southern area), and a Western sector. The Eastern portion was subdivided in areas that roughly coincided with the Iberian mountain range (Sistema IbeÂrico) with a northern, central and southern subsections represented by Ea, Eb and Ec, and a neat southern portion (Ee, Ed) that corresponds to the south Andalousian sierras (Baetic and Penibaetic mountain chains). Finally, the western sector consisted of a north-western subsector (Wa, Wb), together with two clusters of squares that can be broadly de®ned as central-western' (Wc) and`south-western' (Wd). Some degree of incongruence between methods affected the clustering pattern of several squares around quadrat G5, and this resulted in different alternative shapes of the sectors here denoted as Pc, Ea, Wb and Wc, as well as of a part of their subordinated clusters.
Parsimony analysis with progressive character elimination
Parsimony analysis of endemicity with progressive character elimination (PAE±PCE) produced three sets of cladograms. No further information was obtained by character elimination after the third and fourth trials. The number of cladograms in each analysis was high, indicating a limited resolutive power of the data (retention indexes ranged from forty to forty-six). Full details on the tree statistics and the structure of the consensus trees derived from the three sets of cladograms are given in the Appendix 1. The resulting areas of endemism, as determined by this procedure, are shown in Fig. 5 . These areas usually consist of small subsets of adjacent quadrats. No disjunct areas of endemism were found. The list of diagnostic species for each area (i.e. those species present in all quadrats of a clade and only there) is given in Appendix 2.
Consensus of consensuses
Non-single most parsimonious solution was found for any of the three data subsets. The results can be summarized as follows: Tetrapoda, 1254 cladograms 101 steps long, ci 24, ri 80. Consensus tree: 356 steps, ci 7, ri 16. Insects: 1259 cladograms 943 steps long, ci 34, ri 40. Consensus tree: 1073 steps, ci 30, ri 28. Plants, 1160 cladograms of length 572 steps, ci 22, ri 57. Consensus tree 614 steps long, ci 20, ri 53. The consensus tree of the three taxonomic-speci®c consensuses was virtually unresolved (2901 steps, ci 16, ri 2), and consisted of a basal polytomy where only one of the branches contained a dicotomy. This consisted of the pair of area units H4 and H5. Details for the taxon-speci®c consensus trees are given in Fig. 6 . Note that no attempt was made at seeking for clades of quadrats supported by one or more exclusive species. This might have been of interest if the taxon-speci®c results were the target, but none of thè clades' would had survived in the ®nal consensus because of the lack of congruence among the partial results. As shown in Appendix 2, the potential area of endemism H4±H5 is supported by two plant and three insect species, which means that none of the vertebrate endemic species perfectly ®ts that distribution (hence, this could not be considered an endemism area for tetrapoda, and a ®nal consensus based on the endemism areas for the three higher taxa would be fully unresolved). Figure 2 Relationship between the number of microendemic species, and that of endemic species of wider distribution, across the 100´100 km squares in the study area (r 0.59, P < 0.001, n 75). 
Compatibility analysis
A series of largest cliques of 58 characters was discovered. The relatively small number of compatible characters selected resulted in many trees being derived from these cliques (exceeding 4000, with a consistency index of 20.11). A strict consensus of the set of trees permitted to design a number of areas that could be interpreted as generalized tracks supported by the presence of at least one endemic species. These corresponded largely to endemism areas discovered in the previous parsimony analyses, with the exception of the subareas 34, 35 and 36 (Fig. 5d) .
DI SCUSSION
As far as the distribution of endemic species within the study area is concerned, several results are of interest. In the ®rst place, a relevant number of endemic species spreads across the whole region under study. In fact few (5%) of the squares are devoid of endemic elements, and barely eighteen (a) (b) Figure 3 Dendrograms summarizing the overall similarity among the area units. In both instances the UPGMA UPGMA procedure was used: (a) based on the square matrix of similarities derived from Jaccard similarity index (J), where the distance between two squares is s (1 ± J); the stars denote nodes that are statistically signi®cant at least P < 0.05. (b) Based on the distances of the four ®rst axes extracted by correspondence analysis.
of them (24%) lack the presence of at least one microendemic species. A thorough interpretation of the patterns found is further complicated by the rough grid size adopted. More detailed studies (e.g. with monocotyledon plants: Moreno Saiz et al., 1998) make evident that a degree of overlapping between different endemic areas may be more a rule than an exception, and so more detailed chorologic information on the insect groups is needed. On the other hand, the distributions of the animal taxa that are believed to be most accurate (e.g. mammals, reptiles) are also those more likely to have been more severely disturbed by human activities (but cf. Vargas et al., 1998) . Within these limits, the distribution of endemic species of the taxa considered suggests an east to west polarity (based on the overall similarity), together with an obvious trend for the areas of endemism to coincide with the largest mountain ranges (Figs 4 and 6) . In fact, an objective con®rmation for a correlation between plant diversity and elevational range in the Iberian Peninsula has recently been presented by Lobo et al. (2001) , and similar results have been published for at least some insect taxa (Martõ Ân & Gurrea, 1990) . Different reasons may lay behind the overall pattern, depending on the kind of organism concerned. These may include the persistence of deciduous forests in south-western Iberia during the late glacial period (Zagwijn, 1992; Barbadillo et al., 1997) , the presence of vicariant endemics of North-African af®nit-ies in the south Iberian mountains (Busack, 1986) , the distribution of emerged land areas during the Eocene± Oligocene (Vargas et al., 1998) , the possible NE to SW direction of post-glacial occupation of the Iberian Peninsula by some taxa (Martõ Ân & Gurrea, 1990) , as well as the role of mountain sectors as corridors during periods of climatic change.
Even when the main target of our study was the identi®cation of areas of endemism, the biogeographical divisions of the territory derived from the phenetic analyses are of interest for the sectorization of the study area. Former attempts aimed at this purpose based on the Iberian vertebrate fauna either suggested a latitudinal gradation (northern vs. southern areas), or a division related to the three Iberian watersheds, i.e. Cantabric, Atlantic and Mediterranean (reviewed by Real et al., 1996) . A direct comparison between the present results and some of these former studies cannot be easily made for they were based on Figure 4 Main sectors within the study area, based on overall similarity. The ®gure represents the main divisions within the study based on the branching pattern of the dendrograms in Figure 3 . The thickness of the lines is proportional to their relative hierarchy (no attempt is carried out to represent the full branching pattern, linkage distance or statistical signi®cance). Dotted lines denote incongruence between the two clustering methods. Three main sectors arise: Balearic, Pyrenean (P), Eastern (E), and Western (W). See text for further details. Grid size as in Fig. 1 . Figure 5 Endemism areas de®ned by parsimony and compatibility analyses. 5a, 5b, and 5c are the successive results of the three analyses performed by progressive character elimination. 5d represents the results of compatibility analysis (`tracks' that are coincident with endemism areas in 5a±5c have been given the same numbers). The species characteristic to each numbered sector are detailed in Appendix 2. Grid sie 100 km. different operative geographical units (e.g. river basins: Vargas et al., 1998) . In parallel, traditional intuitive phytogeographers have produced a considerable amount of detailed work on the characterization of the Iberian¯oristic provinces and subprovinces (e.g. Bolo Â s, 1985; Rivas Martõ Â-nez, 1987; Rivas Martõ Ânez & Loidi, 1999) . There is a high degree of coincidence between the broad lines of those approaches and the results from this study. Some amount of ®t between our phenetic sectorization and that based on monocotyledon endemics (Moreno Saiz et al., 1998) is not completely surprising, as the data from endemic monoctyledon plants were in fact incorporated to our approach. As the Monocotyledon data accounted for only 31% of the species in tour data matrix, the coincidence should be attributed to a high degree of internal congruence of the plant data (and between these and a part of the other taxa) rather than to their numerical dominance in the working matrix. Further, there are also remarkable similarities between our results and those based on independent data from the endemic vascular¯ora (dicotyledon plants: Herna Ândez Bermejo & Sainz Ollero, 1984; Sainz-Ollero & Herna Ândez-Bermejo, 1985) . This suggests that further insight into the biotic sectorization of the study area, as well as in the detection of endemism areas, will bene®t from approaches based in combined plant and animal data.
In brief, at least ®ve points of agreement between the present results and previous phytogeographic work (namely based on Sainz-Ollero & Herna Â ndez-Bermejo, 1985; Rivas Martõ Ânez, 1987; Moreno Saiz et al., 1998; Rivas Martõ Ânez & Loidi, 1999) can be highlighted, as follows: (1) The Balearic Islands stand apart from the peninsula or, depending on the method used, show some a degree of linkage to the coastal fauna and¯ora of the northern Mediterranean coast (see Rivas Martõ Ânez, 1973 and Herna Ândez-Bermejo, 1985 for alternative arguments on this relationship based on plant distributions). (2) The presence of a broad division of the Peninsula into two sectors, a western one (Atlantic, with predominantly siliceous substrates) and an eastern sector (Mediterranean, dominated by basic lithologies). The southern limits between these two sectors are confused by the geological diversity and complexity of the several andalousian mountains but, if anything, the southern area appears primarily related to the Mediterranean (eastern) sector (Sainz-Ollero & Herna Â ndezBermejo, 1985) . (3) The widely accepted unity of the northern peninsular stripe (East Pyreneans to the NW Atlantic coast) (euro-siberian region) seems to be disrupted by the east-to-west gradient, and a high degree of independence of the Pyrenean area is supported. The association between the Pyreneans and the Cantabric Mountains is supported by the chorology of some endemic species, while other chorotypes are responsible for the extension of some Pyrenean-centred areas of endemism towards coastal areas in the NE Mediterranean (e.g. Montseny Mountains). (4) The problems for establishing neat edges between the Pyrenean, Cantabrian, and other north-western mountain areas, as well as for de®ning the Northern Iberian mountains (Fig. 7: IX) in terms of the Atlantic (western) peninsular sector (see also Fig. 4) . As shown by the distribution of endemism areas, these dif®culties are explained by the presence of two or more quasi-sympatric areas of endemism. and 5-A number of other minor areas of endemism like the Murcian±Almerian sector of Moreno Saiz et al. (1998) are also identi®ed in this study.
Based on the data recorded, a number of assemblages of area units emerge as strongly supported areas of endemism.
These are not discussed in detail nor named beyond that stated in the former paragraph, given the dif®culties of reliably setting an exact correspondence between the areas and precise geographical features at the 100´100 km scale. An intuitive summary of the distribution of the largest endemism areas is presented in Fig. 7 according to simplifying criteria: (1) the regions contain at least one quadrat with ®ve of more microendemic species (see Fig. 1 ), (2) they consist of at least two quadrats, and (3) they are supported by at least two endemic species, or at least they represent a set of concentric elements centred around one square with no less than ®ve microendemisms.
Parsimony analysis of endemicity requires an outgroup consisting of a hypothetical ancestral area where all species are absent, which implies the absence of any objective basis for a historical (phylogenetically supported) interpretation of the results. The shortcomings of this and similar procedures were outlined by Brooks (1981) when discussing the use of raw similarity measures based on shared parasites to estimate the hosts phylogeny: in the absence of phylogenetic information, there is no certainty that the correct historical associations are discovered. It is thus clear PAE and related methodologies must be considered among the phenetic methods available for the analysis of discrete variables: PAE seeks for subsets of area units that are characterized by assemblages of endemic species with coincident non-random distributions (cf. Morrone, 1994) . Within these limits, however, it is true that the procedure is consistent with the fact that any species that is endemic to the study area is, by de®nition, absent from any locality outside that region. For the same reason, PAE has the advantage of being able to cope with combined information from the distribution of taxonomically unrelated organisms (as suggested by Humphries et al., 1988) . Thus following the principle of total evidence (in a way analogous to that applied in phylogenetic reconstruction), parsimony analyses of large matrices of chorologic data from diverse taxa should render better results than any a posteriori consensus of independent PAE results from any of the higher rank taxa involved. The study case presented here (that is, a comparison between the results of the`total evidence' approach, and the`consensus of consensuses' to identify endemism areas) provides a good example. The species diversity displayed by some groups of organisms (e.g. the insects) makes them good candidates as a source of chorologic data. For instance, the number of endemic weevil species exceeds by one order of magnitude than that of endemic vertebrates in the Iberian Peninsula and the Balearics. Of course, a balance has to be maintained between the risks implied by imperfect faunistic knowledge (e.g. Martõ Ân & Gurrea, 1999; Martõ Ân et al., 2000) and the advantages of the extremely high informative content of the present geographical distributions of such taxa. However, the adoption of the`taxonomically promiscuous' approach proposed here permits that the collection of distributional data covers just those species whose distribution is believed to be reasonably known.
Parsimony analysis of endemicity is able to`reduce the otherwise high probability of numerous slightly different alternative results' (Rosen, 1988) , but this is not always desirable: whenever partially non-congruent alternative areas of endemism are present, parsimony will score the results in favour of those that are de®ned by the highest number of exclusive species with identical distributions. The problem may be more relevant for work done at most local geographical scales in areas with a long geological history, for it is unlikely that any single division can convincingly summarize the distribution of endemic species for several different kinds of organisms. In summary, the search for a single`most parsimonious' solution, which is the target of the methods that were initially designed for phylogenetic reconstruction, may be more a problem than an advantage for designating areas of endemicity (as stated in reference to phylogenetic biogeography: Cracraft, 1989; Ronquist, 1997) . Moreover, the coexistence of more than one basic pattern of area relationship seems to affect the distribution of several animal taxa in the western Mediterranean (de Jong 1998). As far as PAE is reformulated as a method intended to identify all possible subareas characterized by congruent occurrence of endemic species (PAE±PCE approach), this problem is to a large extent overcome.
Two patterns in the endemism areas determined by PAE± PCE may be of interest: overlapping, and concentricity.
Given that no properly`historical' or`ecological' components can be directly derived from the results (Morrone, 1994) , the meaning of nearly congruent endemism areas cannot be interpreted in the absence of further information. Overlapping areas result from the relaxation of the principle of parsimony, and may represent different areas of endemism, divergent patterns of dispersion from refugia, or the results of differential interspeci®c patterns in the balance of extinction/speciation across partly sympatric taxa within an endemism area. Two examples among the results of this study include the Pyreneans and north-eastern Peninsular edge (Fig. 5, areas 4±5 , 7±9, 25±28 and 36) and the squares that include the southern mountains around Sierra Nevada (squares A6, B6, B7 and C7, see Fig. 5 ).
Concentric patterns are characteristic to several of the potential areas of endemism obtained by parsimony analysis. Again, the meaning of these patterns is not straightforward in a preliminary analysis, but they obviously represent gradients that appear in the cladograms as a series of hierarchically nested clades. These represent gradients in the richness of endemic species that converge to a central square. Some elements of these sets of concentric areas of endemism are characterized by one single species. This may represent an additional informative step within such areas, which is an argument in favour of not discarding sectors characterized by single species until a more general approach of this kind has been attempted (e.g. Balletto, 1995) . Iberian examples include the potential areas of endemism 1 (relative to 2 and 3), or 11 (relative to 12 and 13) (Fig. 5) . While excluding microendemisms from the analyses (Rosen, 1988) has practical advantages, such species will not modify the results under Wagner parsimony unless the consistency or retention indexes of the cladograms are of interest. Whether or not such species are included in the analyses, they are of interest for the results because they can be part of concentrically nested areas of endemism. Some of these may include a relevant centre of microendemics included in a ring of one or more concentric elements characterized by single species, as shown by the areas 6, 14 or 20 in Fig. 5 .
When a hypothetical subarea with all species absent is used as the polarity criterion, the analysis of generalized tracks is broadly equivalent to PAE (Platnick & Nelson, 1984; but cf. Craw, 1988b) . In our study, compatibility analysis was less ef®cient than Wagner parsimony analysis in determining endemism areas (as also shown by other studies, e.g. Posadas et al., 1997) . Even if some of the sets of squares were identi®ed as endemism areas irrespective of the procedure used, the number of species characteristic of those areas was often lower than that determined using parsimony (Appendix 2). This is a logical result of the way that compatibility analysis proceeds, and of the fact that a high degree of contradictory information characterizes the species distributions in the data matrix. Compatibility analysis seeks for the largest set of compatible characters (in this case species distributions), and uses them for constructing a tree. This means that a number of species are discarded, and a strict consensus based on the largest subset (clique) of compatible species distributions may frequently favour the delimitation of large areas on the basis of a small number of species. As a list of all the cliques of any size would include all subsets of areas that are identical from the point of view of their species composition, compatibility methods could successfully be used to identify endemism areas. However, because of the computing time and disk space required to store the results, this would be practical only when the numbers of area units and species are small, and not much contradiction is found among the species distributions. In spite of the apparently limited interest of generalized track analysis, it is noteworthy that clique analysis was able to discover some subsets of squares with at least one exclusive endemism, which were overlooked by PAE±PCE (areas 34, 35 and 36 in Fig. 5d ). This suggests that Wagner parsimony-based procedures may not be able to discover all potential endemism areas or components of these (e.g. subareas de®ned by single species). If a degree of inconsistency is present in the data, dif®culties of that kind may be because of widespread species with con¯icting distributions, which, however, coincide in part of their ranges. These may give`homoplastic' support to sets of subareas that are not de®ned by any real species, but which gain strength over potential endemism areas. These are likely to be identi®ed in some of the (frequently many) cladograms of equal length, but probably never in a strict consensus tree. This is not a serious problem to the extent that the de®nition of endemism area is kept restrictive (i.e. exact and non-andom coincidence of species ranges, e.g. Morrone, 1994) , but otherwise it may be a matter of concern.
Recent biogeographical approaches to the western Mediterranean have shown partly incongruent results depending on the methods used (de Jong 1998). In medium or large scale biogeographical analyses, the operative area units tend to be large (Balletto, 1995; de Jong 1998) or even based on partly arbitrary criteria (e.g. Dennis et al., 1998) . Hence, it is likely that a part of the problem involves the composite nature (from an historical point of view) of such units. It is clear that the results could be highly improved by the use of well de®ned area units that represented independent parts of the biogeographical history. The present study may help to de®ne such areas within the Iberian range. For instance, a Balearic area and a western Iberian area are supported by our data as areas of endemism. While widely recognized regions such as the Pyrenean Mountains are shown to be endemic-rich, it is interesting that the results demonstrate the presence of more than one distinct areas of endemism in that mountain range. Moreover, these areas of endemism overlap to some extent. For similar reasons it is remarkable that a largè Iberian area' (e.g. the Iberian peninsula excluding the Pyreneans) is not supported by the results. Thus, the use of such apparently well de®ned biogeographical regions such as the Iberian Peninsula or the Pyrenean Mountains (e.g. de Jong 1998) may be troublesome. It is true, however, that adopting the use of small, well de®ned endemism areas like those de®ned in this study involves other dif®culties of a practical nature, and that their use would imply overlapping operative area units.
Finally, some of our results are of potential interest from a conservation point of view. An important proportion of the protected natural areas in the Iberian Peninsula is at present located within the main mountain ranges of Spain and Portugal. As stated above, there is a general coincidence between the areas of endemicity and mountain ranges. These areas usually include the quadrats with highest numbers of microendemic species, and the number of microendemics is correlated with that of non-microendemic species. Thus, although no attempt is made here to corroborate this objectively, a corollary may be that there are good chances that an important number of endemic species is actually protected within preserved areas. Further insights into this point, although certainly based on a ®ner geographical scale than the one adopted in this study, would be of practical interest.
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